The breaking of electroweak symmetry through renormalization group flow in models that have MSSM spectra is found to produce "well-mixed" neutralino dark matter with a relic density consistent with the WMAP data and elastic scattering cross section with nuclei consistent with current limits from direct dark matter searches. These models predict a Higgs boson mass in the range (125-126) GeV. Well-mixed neutralino dark matter is predominantly bino-like, but has significant Higgsino and wino content, each with fractions of comparable size. With a ∼ 1 TeV gluino mass and sizable neutralino-nucleon scattering cross sections, natural models will be fully tested by both the LHC and future dark matter direct detection experiments.
Introduction. − The discovery of a boson with mass of ∼ 125 GeV [1, 2] lends support for the the existence of softly broken local supersymmetry. The reason is clear: softly broken local supersymmetry generally gives rise to a non-vanishing ratio of soft scalar trilinear to bilinear couplings each with mass scaled by the gravitino mass [3] [4] [5] [6] . The soft breaking masses and renormalization group (RG) running then generate the necessary quantum corrections to the Higgs mass [7] . Many well motivated models of soft breaking include a Higgs mass that is consistent with the LHC data, e.g. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The results generally require multi-TeV scalar superpartner masses. At the mass scale at which electroweak symmetry is broken, naturalness requires that the gaugino-Higgsino sector have suppressed masses relative to a multi-TeV scale gravitino mass. By "naturalness" we simply mean that the Higgsino mass parameter, µ, is not excessively large relative to the mass of the Z boson. For a recent discussion on the variable definitions of naturalness for a broad class of models see [18] .
The suppression of gaugino masses relative to the scalar superpartner masses means that the lightest supersymmetric particle (LSP) mass is in the range that is being probed by dark matter experiments. In particular, neutralino dark matter [19] [20] [21] remains a leading and viable candidate for particle dark matter. We will show in this work that neutralino dark matter with natural values of µ can lead to a signal of dark matter in direct detection experiments while yielding the correct relic abundance of cold dark matter in the universe as observed by the WMAP satellite and others [25] , realized within a model with softly broken supersymmetry and REWSB that predicts a mass for the lighter CPeven Higgs boson consistent with that measured at the LHC [1, 2] .
There are several key features of the models discussed here that evade current constraints. First, at the scale at which the gauge couplings unify (hereafter the unification scale), the gaugino soft masses are split, i.e. they are nonuniversal. Through renormalization group flow, the lightest neutralino (Ñ 1 ) mass and the lighter chargino (C 1 ) mass can become nearly degenerate at the electroweak scale, thus allowing forÑ 1 −C 1 coannihilations [27] [28] [29] in the early universe (coannihilations have recently been revisited in several models [30] [31] [32] ) that result in thermal relic neutralino dark matter with the correct abundance. Another important feature of the models we discuss is that viable neutralino dark matter candidates are a mixture of bino, wino, and Higgsino eigenstates. The expected neutralino-nucleon elastic scattering cross sections for these models are within reach of current and next generation direct detection experiments, while the continuum gamma-ray flux remains below the current Fermi-LAT sensitivity (for the non-thermal case see [33, 34] ).
We add here that Ref. [35] has coined the term "well-tempered" neutralino, defined by |M 1 | |M 2 | or |µ| |M 1 |, where M 1 and M 2 are the electroweak gaugino soft masses. In the models we discuss here, |M 1 | |M 2 |, while also having |µ| ≈ few × |M 1 | over a significant region of the parameter space. This results in an LSP that is predominantly bino-like, with a few percent admixture of both wino and Higgsino components. We will refer to this arrangement, when the wino the Higgsino fractions are close in value, as a "well-mixed" neutralino. This model is theoretically well-motivated and gives rise to dark matter and collider signatures within observational reach.
Breaking Electroweak Symmetry & the Higgs. − Recently an interesting part of the supergravity parameter space has been uncovered [8] where the square of the soft mass for the up-type Higgs runs small and positive under RG flow leading to the breaking of electroweak symmetry with a rather low value of the µ term for heavy soft breaking scalars at a mass scale of ∼ 10's of TeV [8, 9, 14] . As noted in Ref. [8] , the result is not a focus point solution, but instead a new solution to electroweak symmetry breaking owing to the cancellation of RG parameters defined at the unification scale.
To see how the cancellation works, one need only ex- amine the running square of the soft mass for the up-type
again, up to small corrections. This result of a large gravitino mass and µ/M 3/2 being suppressed by the inverse of tan β has also recently been discussed in Ref. [17] . The determination of the µ parameter is intimately tied to the mass of the Higgs boson through electroweak symmetry breaking. At an intersection point, the light CP even Higgs has a mass near m Higgs = (125 − 126) GeV.
We stress that this is a generic prediction of an IP of RG flow, since the sfermion masses must be large, O(10)TeV, and thus so is A 0 . Indeed, the loop correction for the Higgs mass is naturally of the right size. This is a consequence of the top trilinear coupling at the EWSB scale, A t , and the geometric mean of the stop masses,
= Q * , entering the leading loop correction as
As A 0 /M 0 runs to A t /M S at the electroweak scale, the ratio remains of order unity. This, along with the relatively large value of M S as controlled by the RG running, gives the necessary correction to the light CP even Higgs mass [8] .
Having addressed the scalar sector masses and dynamics, we turn, finally, to the gauginos. Suppression of gaugino masses can arise from moduli dominated supersymmetry breaking. This feature was realized early on in the context of string model building [37] where the moduli contribution to supersymmetry breaking can dominate over the dilaton contribution.
More generally, in Planck units the gravitino mass is M 
FĪKĪ
J F J so the gravitino can become massive via the Super-Higgs mechanism with a single dominant F -term and other F -terms suppressed. At the unification scale, tree and loop contributions to the gaugino masses can have comparable sizes since the modulus that supplies the dominant F -term will lead to a loop-suppressed contribution to the gaugino masses (see e.g. [38] for a pedagogical analysis). Thus, the gaugino masses will be suppressed relative to the gravitino mass and hence relative to the scalar superpartner masses,
Note that the soft masses and couplings for the scalar sector of the theory, M 0 , A 0 , and B 0 , are still dominated by an unsuppressed |F M | ∼ M 3/2 . The precise ratios of the gaugino masses at the unification scale are, of course, model dependent.
Well-Mixed Neutralino. − For simplicity, we consider M 0 = 10 TeV, A 0 /M 0 = −0.75, tan β = 10, and m t (pole) = 173 GeV, and use SOFTSUSY [40] for the renormalization group flow and micrOMEGAs [41] to calculate the annihilation cross sections and spin independent scattering cross sections, varying the gaugino masses at the unification scale, M 1,2 (Q 0 ). We allow 150 GeV ≤ M 1,2 (Q 0 ) ≤ 2 TeV, and M 3 (Q 0 ) ≥ 300 GeV, as below this lower limit the gluino mass is Mg 850 GeV and is constrained by the LHC. Naturalness generally requires M 3 (Q 0 ) 500 GeV, however we consider Mg up to 1.8 TeV. Given these parameter ranges, the neutralino LSP mass is always 100 GeV, thereby avoiding the Z boson and light CP even Higgs poles (for a recent dedicated analysis of the pole regions, see [39] ).
The eigencontent of the neutralino LSP is represented as Z 1i , where i = 1, 2, (3, 4) for the bino, wino, and (two Higgsino) component(s), respectively, i.e.Ñ 1 = Z 11B + Z 12W +Z 13H1 +Z 14H2 . Defining the Higgsino fraction as
, and wino fraction as W F = |Z 12 | 2 , we plot in Fig. 1 H F vs. W F for each model point. We note that this figure includes only neutralino masses up to 500 GeV, as those will be the subject of the analysis in the following sections, though extending to larger neutralino masses leaves the picture essentially unchanged.
A quick inspection of Fig. 1 reveals that essentially all unconstrained models have H F W F ; these are the "well-mixed" models. In the absence of any dark matter constraints, all neutralino compositions are allowed (light grey points). Once the constraint on the relic abundance of neutralinos is imposed, only the red and blue points survive. A large wino fraction leads to a dearth of neutralino dark matter relative to the measured value, thus we see that all red and blue points have small wino fractions, i.e W F 0.06. Points with large Higgsino fractions, however, may be compatible with the dark matter abundance. In addition to the relic abundance of neutralino dark matter, we apply the constraint on the spin independent neutralino-nucleon elastic scattering cross section from XENON-100 [26] , evaded only by red points. Model points with large Higgsino fractions have large scattering cross sections with nuclei, thus all points consistent with the XENON-100 bound have Higgsino fractions H F W F , i.e. H F 0.06. We note that the spin independent scattering cross section does not, by itself, constrain the wino fraction. When combined with the relic abundance constraint, however, dark matter direct detection experiments will probe the largest wino/Higgsino fractions down to the smallest in these models. We see that all points that survive both the constraint on the relic abundance of neutralino dark matter and that on the spin independent neutralino-nucleon elastic scattering cross section have approximately comparable wino and Higgsino fractions, and are therefore "well-mixed".
The cosmologically-preferred relic abundance of wellmixed neutralinos is achieved through coannihilations of the neutralino LSP with the slightly heavier neutralinos and charginos in conjunction with an advantageous binowino-Higgsino LSP eigencontent. Recall that the relic density of neutralinos is inversely proportional to the effective annihilation cross section in the early universe, the latter depending on Boltzmann factors and spin degrees of freedom of the states that coannihilate. The mass dependencies appear in the Boltzmann factors, and so are exponentially suppressed for coannihilating states; exp(−∆ p M N1 /T ), where T is the temperature and
Over the well-mixed neutralino parameter space (red points in Fig. 1 ), the contribution ofÑ 1Ñ1 → W W to the relic density is typically no more than ∼ 20% with coannihilations therefore contributing dominantly for ∆ p ∼ 0.05 − 0.15 with smaller neutralino mass corresponding to a larger ∆ p . The analysis allows for arbitrary ratios of M 1 /M 2 at the unification scale, however a majority of the well-mixed models congregate in the region M 1 /M 2 ∈ (1.6 − 1.9).
In Table I we present three sample model points that demonstrate the particle spectra and dark matter observables explicitly. Sample models B and C arise from small perturbations about the parameter space sweep, resulting in a similar suite of dark matter observables. It is evident that movement away from our fixed parameter choices, i.e. A 0 /m 0 , m t (pole), and tan β, can result in small shifts in the value of µ, which can change, somewhat, the spin independent scattering cross section, as evident in Table I . Nonetheless, the neutralino LSP remains well-mixed, and our conclusions are robust. The light CP even Higgs mass is about 126 GeV in each model.
Implications for Direct & Indirect Detection. −
At an intersection point [8] , the gaugino masses are suppressed relative to the scalar masses, as noted below Eq. (2). The fact that µ takes on a value as low as ∼ few×M Z , comparable in size to M 1 and M 2 , leads to a well-mixed neutralino LSP. The resulting bino-winoHiggsino mixings have an important impact on dark matter observables, as has been studied for different models of soft breaking [53] , as well as on LHC signals of the resultant spectrum [54] .
In Fig. 2 we present the neutralino-nucleon spin independent elastic scattering cross section as a function of neutralino LSP mass for points that yield a relic abundance of neutralino dark matter in the cosmologicallypreferred range. Points are color-coded by the value of µ in the left panel and the gluino mass, Mg, in the right panel. The correlation between µ and Mg is clear. Had we considered Mg 1.8 TeV, there would be viable models with cross sections below the XENON-1T projection, however naturalness arguments point to small µ and therefore small Mg.
The models presented here have MSSM scalars so heavy that they are effectively decoupled and therefore contribute minimally to the spin independent neutralinonucleon elastic scattering cross section, σ SI . In the limit of very heavy scalars, σ SI takes on a simple analytical form (see e.g. [51] for an overview) where the dominant contribution arises from t-channel exchange of the light CP-even Higgs. Though we acknowledge that hadronic uncertainties are important for a precise determination of σ SI [52] , here we take the default values for the hadronic matrix elements and the pion-nucleon sigma term, Σ πN , as in [41] . In Fig. 2 , we see that these models can yield σ SI ≈ 10 −44 cm 2 for neutralino masses above ∼ 250 GeV, already constrained by current experiments. Most models presented here have cross sections that will be probed by next generation direct dark matter searches such as XENON-1T [55] , LUX [56] , and SuperCDMS [57] , and models with increasing µ (increasing Mg) will be subsequently tested as experimental sensitivities improve.
In Fig. 3 we show the annihilation cross section to continuum photons for model points that pass the dark matter abundance and direct detection constraints (the red points in Fig. 1 ). For comparison, we also show the constraints derived from a combined analysis of dwarf spheroidal (dSph) Milky Way satellite galaxies [42, 43] . Milky Way dSphs are excellent targets for dark matter searches; they are dark matter dominated objects that contain few, if any, sources of gamma-ray photons that would constitute a background to a dark matter annihilation signal (for extended discussions see [43, 44] ). Ref. [45] has also explored bounds on generic models of dark matter annihilation. For the models we discuss here, the bounds from [45] are comparable to those from the gamma-ray flux from Milky Way dSphs [42, 43] .
The continuum photon spectrum from dark matter annihilations today comes almost exclusively fromÑ 1Ñ1 → W W and is well known to be enhanced over different regions of the parameter space (for example, for a pure wino). This is not the case for well-mixed dark matter. TheÑ 1Ñ1 → W W amplitude (see e.g. [21, 22] 
, where U and V are the mass matrices that diagonalize the chargino sector. The amplitude for annihilation to W W , A W W , that arises in the galactic halo is proportional to the products O The spin independent neutralino-nucleon elastic scattering cross section is plotted as a function of neutralino mass, with points color-coded by the value of µ (left panel) and the gluino mass Mg (right panel). The relic density of cold dark matter lies within the WMAP band for all model points, and the Higgs mass is in the range (125-126) GeV. Also shown is the present XENON-100 limit [26] and the XENON-1T projected sensitivity [55] .
power. We also add that the effects of bremsstrahlung are not too large [49, 50] as the mass of the neutralino is constrained by naturalness and the kinematic endpoint of the W fragmentation distribution is limited by phase space. In terms of the line cross sections for the production of photons, we have verified with DarkSusy [46] that the line cross sections are suppressed at the level of ∼ 10 −29 cm 3 /s or smaller over all models. This is several orders of magnitude smaller than the constraints from the Fermi line searches [47, 48] .
In Fig. 3 , the color of each model point indicates mass splitting between the well-mixed neutralino dark matter and the lighter chargino. The mass splittings shown have important consequences for LHC searches.
Gauginos at the LHC − Summarizing the relative mass scales in the model, we have:
The observable LHC spectra, i.e. particles conceivably light enough to produce a significant number of events above the Standard Model background, are the light CP-even Higgs, four neutralinos, two charginos, and the gluino. Of immediate relevance to the LHC, m Higgs ∼ 126 GeV,
The fact that the electroweak sector gaugino masses are ∼ O(100 GeV), and that the gluino is in the TeV range for µ of natural size implies that the discovery of new Majorana fermion states should be possible at the LHC.
The CMS and ATLAS searches [58] are not yet sensitive to neutralino masses of 100−500 GeV for mass splittings as small as those indicated in Fig. 3 . CERN's proposed compact linear collider (CLIC) [60] or the proposed International Linear Collider (ILC) [61] would, however, be able to resolve the mass splittings in the gaugino sector. The upgraded LHC will certainly test whether the scenario described here provides an adequate description of nature: The first aspect of this scenario to be tested by the LHC will be the prediction of a relatively light gluino. Currently, a ∼ O(1 TeV) gluino with decoupled squarks is consistent with the LHC data (see e.g. [59] ), with the precise gluino mass constraint being model dependent and strongly correlated with the branching ratios of the gluino. The maximal gluino mass considered here is ∼ 1.8 TeV, as controlled by the prejudice for naturalness and REWSB. The present (2013-2014) upgrade to the LHC will give it the capability to probe this entire model class (for a recent re-analysis of LHC reach in gluino mass at larger center of mass energy, see [62, 63] ), with LHC gluino mass reach being complementary to the sensitivity of direct dark matter searches to neutralinonucleon scattering, as demonstrated in the right panel of Fig. 2 .
The potential for discovery of these new states by the LHC is limited by three factors: (1) the previous center of mass operating energy and luminosity to date, (2) the small mass splittings of the LSP and the lighter chargino and second lightest neutralino restrict the phase space of the chargino decay, and (3) the amount of missing energy produced in the three-body decays of the gluino lead to an effective mass (sum of the jet transverse momenta and missing energy) distribution, including the peak, that is similar to that expected from the Standard Model background. Observation of events from gluino and electroweak gaugino cascades in these models would require more LHC data. Currently, the very lowest gluino masses predicted in this model class are likely constrained by the LHC (though, strictly speaking, a dedicated analysis is required), and in some cases also by direct dark matter searches. The upgraded LHC will likely have the capability to test this entire model class for natural values of µ with just a few years of data.
Conclusions. − This work demonstrates that wellmixed neutralinos are viable dark matter candidates arising in well-motivated models that predict natural values of the µ parameter and a Higgs mass that takes the observed value of the new boson near 126 GeV. The annihilation cross section to continuum photons and resultant gamma-ray flux from annihilation in the galaxy are unconstrained by indirect detection experiments. Direct detection experiments are beginning to constrain wellmixed dark matter, and next generation detectors will be sensitive to nearly all of the models explored in this study.
The parameter space of well-mixed dark matter derives from the radiative breaking of electroweak symmetry, where the µ parameter and physical gaugino masses are suppressed relative to the heavy scalar superpartners. The relic density is satisfied largely by coannihilations in the early universe. The gluino is in the TeV domain and will produce multi-jets accessible to future runs at the LHC. Central to this conclusion is the fact that the unification-scale soft breaking scalar masses and couplings are all of order the gravitino mass (see Eq. 11), which is a generic prediction of supergravity and stringmotivated models of soft breaking.
Within this framework, desirable features of supersymmetry remain intact.
The soft breaking of supersymmetry incorporates gravity via the gauging of global supersymmetry, and the mass generation for superpartners occurs via the Super-Higgs effect, breaking supersymmetry and thus generating the soft masses. The models exhibit gauge coupling unification and dynamically trigger spontaneous electroweak symmetry breaking through renormalization group flow. The dark matter candidate is the long-coveted neutralino, which will have a mass near the electroweak scale. The model is predictive -unification scale boundary conditions determine TeV scale phenomena -and the most natural regions of parameter space are fully testable with the LHC and with dark matter direct detection experiments. Well-mixed neutralino dark matter may be just around the corner.
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